The association between developmental defects of the corpus callosum and major psychiatric disturbance is discussed with a review of published cases. Seven new cases are presented, of which four had clear psychotic symptoms, two receiving a diagnosis of schizophrenia. Of the remainder, one had a developmental disorder affecting social interaction and speech which could be classed as Asperger's syndrome, one had a personality disorder with depressive and conversion symptoms, and the last was an adolescent boy with severe behavioural problems. The difficulties in determining the precise relevance of the callosal anomalies to these clinical manifestations are discussed especially since the prevalence of such anomalies in the population is uncertain. (y Neurol Neurosurg Psychiatry 1993;56:85-93) 
The corpus callosum (CC) contains the largest nerve fibre tract in the human brain, connecting the cerebral hemispheres with one another. It is estimated to contain nearly 200 million fibres. The CC together with the anterior and hippocampal commissures form the forebrain commissures. The tract develops intimately in association with the fornix, hippocampal commissure, hippocampal formation, septum pellucidum and cingulate cortex, beginning to form shortly after the anterior commissure.
Details of the anatomy and embryology of the CC have been well described. ' 6 The associated brain anomalies which have been reported include interhemispheric cysts with hydrocephalus (Dandy-Walker malformation), lipomas of the CC or interhemispheric fissure, invariably associated with partial agenesis, absence of the inferior cerebellar vermis, and disorders of neuronal migration."2 The cingulate gyrus is invariably abnormal and limbic structures may also be affected.
The main function of the CC is interhemispheric integration: connecting corresponding regions of the cerebral cortex in the two hemispheres. Crudely, it serves as a conduit for transfer of sensory information,'3-15 although the precise nature of the information transferred and its overall influence on the activity of the hemispheres is a topic of continued research and speculation. '6 It has been noted repeatedly that in agenesis of the CC there is an absence of most aspects of the disconnection symptoms which affect subjects who have had surgical separation of the commissures-the "split-brain operation"." 1 This has been attributed to the presence of alternative pathways connecting the hemispheres such as the anterior commissure, which is frequently intact despite callosal agenesis, or subcortical channels. Other compensatory mechanisms may also play a part such as the duplication of those specialised functions which are usually distributed asymmetrically between the hemispheres, such as speech. Nevertheless, some failures of interhemispheric communication have been noted such as reduced transfer of maze learning from one hand to another,'9 impaired matching of visual patterns between the right and left visual fields20 and reduced transfer of incongruent word stimuli in a colour naming task,2' (but see22).
The prevalence of callosal agenesis is difficult to quantify. Widely varying estimates in the literature, ranging from 0 004% to 2-64%, reflect the different study populations (tables 1 and 2). Thus paediatric neurology services will give higher rates than necropsy studies of unselected members of the population. Similarly, the rates of associated abnormalities and clinical problems reflect the setting in which cases are evaluated. All that can be stated is that certain presentations, namely learning disability and epilepsy are rather common,3 17 A male preponderance of cases has been claimed especially in developmentally disabled groups6 though some large series have failed to confirm this.3 12 Another related problem is case definition. Surveys differ as to whether they accept partia! agenesis as "cases". Again, this issue is liable to result in differences between early and late studies since "focal attenuation" is especially likely to be identified using modern neuroimaging techniques, in particular MRI Psychiatric history started at age 17 when he was diagnosed as having "an adolescent identity crisis", and was treated with outpatient psychotherapy. The first psychiatric admission was at age 19, when the patient was noted to be vague, perplexed, hallucinated and was treated with phenothiazines. There was a further admission in the same year when he was depressed and deluded and possibly thought disordered. Antipsychotic medication and ECT were given with good response. There were 3 further admissions yearly due to similar problems. He was noted early on to have a destructive propensity.
At the age of 25 he had his sixth admission when he was compulsorily detained following an assault on a police officer. Since then he has required almost continuous inpatient care and has received various forms of antipsychotic medication and further courses of ECT. The introduction of carbamazepine showed a marginal effect on his outbursts of aggression. The mental state has fluctuated although thought disorder, persecutory delusions and bizarre hypochondriacal delusions have all been prominent. At the age of 30 he was transferred to a secure unit because of serious aggression towards staff. The mental state examination at this time showed disordered thinking with many shifting persecutory themes, for exam CT showed a lipoma in the posterior aspect of the corpus callosums (figure 1). An EEG was performed twice at age 30; the first showed no abnormalities while the second showed some minor dysfunction (see table 4 ).
Case 2 A 29 year old man was bom six weeks prematurely, experienced lack of oxygen at birth and was of low birth weight. Motor development was slow: at twelve months he had to be propped up to sit and was noticed by his mother to sit with his legs in a scissored position. The diagnosis of cerebral palsy was made. He could not crawl until aged five, and had surgical operations on leg tendons at the ages of 10 and 12 enabling him to walk with crutches. The patient had episodes of febrile convulsions between the ages of 2 and 4 which were characterised by generalised twitching. He attended schools for the physically handicapped. Academically he was hampered by "severe spatial problems" and he was poor at maths and woodwork.
Epileptic fits began at age eight. He was treated with a combination of phenytoin and phenobarbitone and achieved relatively good control. During adolescence he began to experience more complex seizures. These began when he saw a vision of the "judgement day" and occasionally, the "whole world's grave opening". This was associated with the thought that he was dying and a sense of losing contact with reality. The fits began with the patient calling out followed by twitching of the left side of the mouth, then eyelids, and finally generalised jerking of all four limbs. He would also shout quotations from the Bible or plead to God to take him. These occurred approximately monthly.
Psychiatric illness began in adolescence. At 13 he was noted to be anxious and having difficulty "distinguishing reality and unreality". At 15, he was admitted to hospital experiencing auditory hallucinations, and preoccupied with religious and sexual ideas. He was treated with a combination of antidepressants and neuroleptics. When assessed at age 25 he believed that he had been chosen by God and described the experience of God speaking to him.
Physical examination showed a divergent squint and a defect in his iris. There was facial asymmetry and he had marked spastic diplegia with tendon reflexes increased bilaterally. Mental state examination at age 29 revealed an anxious and irritable man, occasionally overfamiliar. He showed some thought disorder and was incoherent at times with circumstantial and tangential speech. There was marked interpenetration of themes reflecting a preoccupation with religious and grandiose delusions. He reported no auditory and visual hallucination apart from those at the time of seizures.
Cognitive testing showed good orientation but some difficulty with concentration. He was unable to do serial 7s but could perform both serial 3s and naming the months of the year backward slowly and accurately. Digit span was 5 forwards and 4 backwards. He could name 16 T-words and 3 four-legged animals on a test of verbal fluency. His writing was poorly formed and done with great difficulty. He was unable to write a sentence of his own creation. His verbal memory was unimpaired but there was some impairment of visual memory with evidence of constructional apraxia. There was some evidence of concrete thinking on word association and proverbs. Comprehension was normal. There was no nominal aphasia, right- left disorientation or finger agnosia.
The diagnoses were: cerebral palsy, complex partial seizures with secondary generalisation and chronic schizophrenia.
CT scan at age 25 showed agenesis of the corpus callosum and left hemiatrophy affecting principally the anterior hemisphere where there was a CSF-containing cyst within the left frontal lobe. Adjacent to this there was some atrophy of the sulci extending into the insular region. In addition there was relative dilatation of the posterior horns and bodies of the ventricles adjacent to the upward extension of the widened third ventricle. The EEG was diffusely abnormal with sharp waves over both temporal regions particularly on the right. Case 3 A 41 year old man. He was a twin, born 3 weeks premature after a forceps delivery and needed oxygen for one week. The birth was also complicated by Rhesus incompatibility. His co-twin died at one week. Macrocephaly was noted during early childhood. His parents reported that he had temper tantrums and breath holding attacks, but no convulsions. He was said to be a happy child with friends in the local village. He left school at age 17 with 5 CSEs and then worked as a clerk for 6 months. He began basic training for the armed forces but failed and left after 2 months. Since then he has had several unskilled jobs, each lasting short periods, followed by long periods of unemployment due to psychiatric illness. There is no family history of psychiatric illness or epilepsy.
From age 18 he has experienced brief, bifrontal headaches of moderate severity. In addition he has had a total of 6 seizures. These are stereotyped, starting with an abrupt loss of consciousness, followed by tonic-clonic movements.
Psychiatric history started at age 24 with alternating periods of "up" and "down" mood swings. "Up" swings manifest as restless, overactive, irritable and noisy behaviour with pressure of speech. "Down" swings manifest as feeling tired, listless, low in mood, tearful, anhedonic and retarded. He has had numerous hospital admissions due to mood disorder and epilepsy and has been treated with a variety of anticonvulsants, antidepressants, mood stabilisers, antipsychotics, and ECT.
Mental state examination at age 39 revealed tearfulness, low mood and early morning wakening. Speech was odd, pedantic, circumlocutory and metaphorical, but there was no clear evidence of thought disorder and he showed neither delusions nor hallucinations.
Cognitive testing was reported to show no abnormalities. At that time his epilepsy was well controlled.
The diagnoses were, manic depressive psychosis, epilepsy and tension headaches. Also, in view of some obsessional features, social avoidance, and his use of language, the possibility of the diagnosis of Asperger's syndrome (or "schizoid personality") was suggested but felt to be inconsistent with his sociability as a child.
Psychometric testing at age 39 revealed a WAIS-R full scale IQ of 86. Verbal score was the same as previous testing at age 26 but performance showed a significant fall of 20 points. Sub-test scores showed that he performed well on tasks involving rote learning and poorly on tasks involving abstract reasoning.
CT and MRI scans showed agenesis of the anterior part of the corpus callosum (fig 2) . He had a series of EEGs which showed bursts of generalised rhythmic delta activity and some evidence of left anterior quadrant dysfunction.
Case 4 A 33 year old man. Birth was normal but he showed slow development, only learning to walk at the age of 3. There were also some behavioural disturbances. At age 5 he set fire to an armchair and at other times he attacked neighbours. He was described as "slow" at school and was advised to have special education. He had no friends and was constantly bullied and "in trouble". He left at age 15 with no qualifications, and had several different menial jobs; the longest period of employment was three and a half years. All his jobs terminated in him being sacked, mostly due to incompetence. He was involved in several heterosexual and homosexual relation- ships. There is no history of drug or alcohol abuse. The only family history of psychiatric disorder is alcohol dependence in the patient's mother.
Psychiatric history started at age 24 following the end of a long homosexual relationship. He started attending a monastery and on one occasion while he was praying he heard "the voice of god" talking close to him saying "Heaven". He felt from that point that he had been chosen as a disciple of Christ. He also described waking one morning with a terrifying sensation of strangulation and the feeling of an evil presence. He had a strange feeling that he was "meant to commit suicide". He rushed out of bed, looked in the mirror and saw a face which seemed not to belong to him. He described hearing loud noises which he felt represented good and evil coming into conflict. He also described second person auditory hallucinations and symptoms of acute depersonalisation.
Mental state examination during his admission revealed some mannerisms: repeated raising his eyebrows, flapping his hands around. He showed a combination of fear and anxiety but occasionally seemed to be unconcerned and confused. Grandiose religious delusions were elicited as well as hallucinations of "voices", and visual hallucinations of seeing bright lights flashing in the sky and hallucinations of the smell of oranges. Cognitive testing showed good orientation in time and place but poor concentration tested by digit span and serial 7s. He showed good immediate memory but poor recent memory when tested by using name and address. Within a week of admission his symptoms had improved completely with no medication except occasional anxiolytics.
The diagnosis was of an acute anxiety state although schizophreniform psychosis must be considered. He was felt to have a dependent personality, with difficulty in relating to other people. Follow up over 2 years showed only discrete episodes of acute anxiety occurring once every 3 to 4 weeks, lasting an hour or so. These were precipitated by interpersonal stresses or vivid images in magazines or on television, and responded to behaviour therapy.
Psychometric test gave a full scale IQ of 78. The score of Mill Hill was 82 and Progressive matrices was 92. Neuropsychological tests showed some incoordination involving fine motor control and opposing hand movements. Somato-sensory evoked potentials showed no significant abnormality or delay between right and left impulses.
CT scan showed partial agenesis of the anterior part of the corpus callosum. EEG which was done twice, showed no significant abnormality (table 4).
Case 5 A 22 year old man. Birth was normal but he was noted to be slow to develop in comparison with his sister. At school at the age of five years he was reported by the teacher to be an odd and lonely boy, who was teased frequently. He finished schooling with 2 CSEs. During work training he showed poor initiative and failed because of poor concentration, group.bmj.com on June 22, 2017 -Published by http://jnnp.bmj.com/ Downloaded from turning up in the wrong places and inability to communicate. He was described as a loner who had poor social skills, drive and motivation. He was in good physical health.
Family history revealed that his father had been a quiet and self-contained man but "rather aloof'. Maternal grandfather had a phobic disorder.
At the age of 6 he was referred to a Child Guidance Clinic. He showed anxiety about school, self-absorption, wandering, an "odd" manner, "in a daydream most of the time". He was solitary and enjoyed being on his own with imaginary friends. At the age of 10 he developed obsessional and manneristic symptoms. His talk was difficult to follow and he had paranoid ideas about school as well as hypochondriacal preoccupations. The diagnosis of schizoid personality was made and he was treated with social skills training.
At age 18 he was referred for psychiatric treatment and has attended a day hospital since then. He was noted to be withdrawn, mumbling, smiling to himself, picking up litter, bumping into walls, trees and fences, and wandering.
Mental state examination showed some oddities of manner and social interaction. Talk was hesitant and hard to understand at times because of disjointedness and mumbling. Written productions were similarly disordered. There was no evidence of abnormal mood, delusions or hallucinations. He was competent in all aspects of self-care.
The diagnosis was uncertain. Asperger's syndrome or simple schizophrenia were considered. He was treated with antipsychotic medication, attended day hospital with occupational therapy, individual and group activities.
Neuropsychological testing showed a full scale IQ of 85 by the WAIS-R. This was felt to be lower than expected from his reading ability and educational history. Memory for both verbal and visual-spatial material was also found to be poorer than expected.
CT scan at age 18 showed a lipoma in the splenium of the corpus callosum. EEG showed an excess of slow activity, more over the left side but there were neither specific abnormalities nor evidence of epileptogenic activity.
Case 6 A 12 year old boy. He was born by normal delivery. He was fostered at the age of two and had several different foster homes. He attended school regularly though he required extra tuition. His mother was emotionally disturbed when he was taken into care. She had been an inpatient in a psychiatric hospital for a few years and had a diagnosis of possible Huntington's disease. The maternal grandmother died from a similar disorder. The patient had two sibs who were well but also in care.
At age eight he was referred to a child psychiatrist. On physical examination he was just below average weight and height. There was macrocephaly (head circumference 58.5cms above the 99th centile). Vision in his right eye was poor -6/24 (left, 6/6). There was a short metacarpal, a long thin upper lip and long philtrum. Tone on his left side was mildly increased in a cogwheel pattern resulting in poor coordination. Power and sensation were normal, and reflexes normal and symmetrical.
Mental state examination revealed a cooperative boy with normal speech. He was sociable and smiled occasionally. Short and long term memory appeared normal but writing and copying skills were poor. He played imaginatively.
He has had severe behavioural problems. At times he appeared vacant and was destructive at home. His conduct had become progressively more disruptive to family life. He would not join in family activities such as games and meals and set himself apart from the others. In addition he destroyed his belongings including favourite toys. Feeding had been messy, and he had the habit of eating anything he could get hold of, such as soil, rubbish, and grass. He soiled and wet himself deliberately on occasion.
Diagnosis was of a non-progressive congenital neurological lesion. His behaviour problems were treated by standard behavioural techniques for 8 weeks during which time there was some improvement.
Psychological testing revealed a full scale IQ of 88 (WISC-R). He scored below his age level on the Oseretsky motor test35 and had difficulty with fine motor movements and bimanual co-ordination.
CT scan showed partial agenesis of the corpus callosum with a moderately large lipoma. The caudate nuclei were small and poorly defined. There was also dilation of both the temporal and posterior horns of the third ventricle. EEG was normal. No chromosomal abnormalities (including fragile X) were detected.
Case 7 A 31 year old woman. She had undergone special education because of reading problems. Since the age of 12 she reported "'epileptic attacks" and periods of altered consciousness. Psychiatric assessment began at age 29 when she was admitted because of depression and suicidal thoughts, some months after her fiance had died. She described insomnia, early morning wakening, anorexia, poor concentration and low energy.
Mental state examination revealed an expressionless woman who showed little evidence of depression, but at times joked inappropriately and made fatuous remarks. There was no evidence of delusions or hallucinations. Cognitive testing revealed good orientation in time, place and person, normal memory and general knowledge, but poor concentration.
The diagnosis was of a personality disorder in that she had a long history of histrionic and attention seeking behaviour. "Seizures" were observed in the absence of EEG abnormality. She had no medication during admission, and finally discharged herself against advice.
The patient had neuropsychological testing at age 28 (see table 4 ). She was mildly CT scan showed agenesis of the corpus callosum. The lateral ventricles were widely separated by the continuous upward expansion of the third ventricle between them. EEG was within normal limits.
Discussion
Schizophrenia was the most frequent syndrome reported in the new cases and those reviewed. However, we cannot make any definitive statements about the relative risk of schizophrenia in callosal agenesis. Firstly, estimates of the prevalence of the condition in the general population differ widely (tables 1 and 2). Secondly, the reported cases do not come from a defined population so it is impossible to know the "denominator". Even Swayze et al,29
who attempted to give some idea of the number of callosal abnormalities seen at the same hospital, were not surveying a defined population and did not take into account the selection factors for MRI scanning in general. One important criterion which will exert a major influence on the rates of callosal abnormalities reported is the exclusion from scanning of patients with IQ less than 80. 29 The 7 new cases were all tertiary referrals to a specialist neuropsychiatric unit and so our experience cannot be considered representative. Again, no meaningful calculation of rates can be made only to mention that agenesis is a rare accompaniment of psychosis. However, when criteria for normal intellectual functioning are relaxed, more cases are to be anticipated. Two of our cases had mild mental impairment (IQ < 80) and three had "borderline" scores (IQ between 80 and 90)-although evidence for deterioration in IQ, presumably as a consequence of psychosis, was present in cases 1 and 3. Similarly, cohorts in which psychosis and epilepsy coexist, may include more cases with abnormal callosa. The same applies to cerebral palsy and patients with other obvious neurological disorders.
The cases in table 4 show that the psychiatric syndromes associated with callosal abnormalities are heterogeneous. Case 4 had a highly atypical disorder characterised by extensive anxiety and psychotic symptoms. Another (case 3), had a classical bipolar affective illness with some features of disordered social interaction and idiosyncratic use of language. The patient described by Lewis et al,33 although diagnosed as suffering from chronic schizophrenia, also had experienced marked affective symptoms. Unlike case 3, however, he had a positive family history of manic depression. Case 5 had a more striking, pervasive disorder of social development than case 3. This would fit into the rubric of Asperger's syndrome36 or schizoid personality disorder.37 This syndrome has been described in association with right hemisphere deficits38 but neurological anomalies involving the CC could also have a potential aetiological role. Both these cases had significant reductions in performance vs verbal IQ, which, while not unique in our series (see case 4), are somewhat unusual for "uncomplicated" agenesis.'7 This may relate to functional impairment of the right hemisphere.
The finding of agenesis in case 7 who was finally diagnosed as having a personality disorder with depressive and conversion symptoms, may have been a coincidence. However, it is conceivable that the patient's specific learning disability, possibly a direct consequence of callosal agenesis could have contributed to her poor self-esteem through academic failure35 setting off a chain of negative experiences. Other cases in whom early devel-opmental problems were noted, ma-y also have suffered from distorted social and family relationships as a result. This may have influenced the onset, course, and form of the eventual psychiatric syndrome, interacting with the "endogenous" brain abnormality. It is not possible to state with any confidence the potential influence of CC abnormalities on non-psychotic psychiatric disorders since patients so diagnosed rarely undergo comprehensive neurological evaluation.
Are abnormalities of the CC relevant in the understanding of severe psychiatric disturbances? Such disturbances, particularly schizophrenia, have been shown to be associated with a number of disparate abnormalities of brain structure.39-4' Deviant brain development, pre-dating the onset of gross disorder is attracting the attention of those who favour a "neurodevelopmental" theory of the origin of schizophrenia.42 Cases such as those reported here, with abnormal premorbid personalities, atypical features, low IQ, early onset and a chronic course may be especially likely to demonstrate congenital brain anomalies. 43 4 Obvious structural anomalies which are occasionally identified by neuroimaging studies of psychiatric hospital cohorts, though of interest in their own right, may be of value in providing clues as to the location of more prevalent lesions of a subtler kind. They may also give hints as to aetiology. It should be noted that intrauterine influenza infection and maternal alcohol consumption may cause agenesis of the CC,9 10 and both have been proposed as aetiological factors in schizophrenia. 45 56 This evidence provides some of the rationale for pursuing dysfunctional interhemispheric communication in cases of psychosis.57 58 Clearly, the CC itself need not be involved directly in the causation of psychosis. As well as allowing communication between the hemispheres, the CC may be necessary to regulate the activity within them30 and it may be the lack of this which predisposes to psychosis. [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] Indeed the inhibitory nature of the CC60 is suggested by the high incidence of seizures in agenesis. Similarly, altemative pathways for interhemispheric communication, which develop in the absence of a functioning CC, may be especially susceptible to misconnection, a proposed mechanism for producing psychotic symptoms.6' 62 Finally, the associated cerebral anomalies such as those involving limbic structures, which occur in tandem with callosal agenesis, could be of specific aetiological importance for psychiatric illnesses. In any event, further studies of psychiatric disorders in patients with callosal anomalies should increase our understanding of the cerebral basis of many psychiatric conditions.
